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read/modi fy/write cycle, whichever provides the worst case timi ng relationship

for the parameter under test. A comparison of the timi ng parameters selected
for each memory type is presented in Table 4—3.

Access time is the time after which data output is guaranteed to be

valid , and may be defined with reference to either the address or chip enable ~- -

signals. Access time is nor m ally measured during a read/write cycle and
read/modify/write cycle. The manufacturer ’s catalog specification or,
when available , the military specification for the memory type, was used to
select the start and stop times of the address , data , and clock signals.
Since access time is a critical memory parameter , it is included in the timi ng
tests for all part types.

Address setup time is defined as the time interval between the application
of an address input and an act i ve transition of the clock (chip enable , chip
select or address enable) signals. This parameter is specified as a minimum
value to ensure proper memory operation. Setup time is also specified for
data input and is the time interval between the application of data and the
active transition of the write pulse. The address and data setup times are
specified as a minimum of 0 nS , and engineering judgment was used to exclude
these tests for several part types. However , the parameters were, as a
m i n i m u m , veri f ied implicit ly by adjusting the start and stop times of address ,
da t a , and clock signals and ver ifying that the device is functional wi th  these
timing relationships.

The wr i te cycle requires that , in addit ion to the address and data
t iming s ignals , wr i te  pulse and chip enable signals occur. The “ANDED”
condit ion of wr i te  pulse and chip enable must last for a m i n i mu m time , w h i c h

is specif ied as wr i te pulse width. This parameter is also measured during
functional tests , hut is include d in the t iming tests to establ ish the worst
case values t c r  the read/ Modi fy /wr i te cycles. Since wr i te  pulse width is as
c r i t i c f l  ~ par~MS Y t e r  as access t i me , it was a lso measured for a l l  part types.
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The address (data) hold times are defined as the interv al during which
the address (data) is retained after the chip enable signal goes hi gh (low).
Data hold time measurements are included for all memory types , but address
hol d time measurements were only included for the dynamic RAMs. Static RAM
address hold times are implicitly determined during other tests.

Additional timing parameters were inc l uded for TMS4O5O and AM914O evalua—
• tions. These additional parameters included : a) propagation del ay time for

the TMS4O5O , and b) output ON/OFF del ay time , memory status del ay time , and
preset interval time for the AM914O. The timing relationships for these

- 

- I 
signals are included in Appendices A and B.

4.7 REFRESH TESTS
Dynamic memories store data by placing a charge on a capacitor. Since

the stored charge will dissipate within milliseconds , the charge must be
refreshed periodically to retain correct data. Refresh requirement s are

- 
• temperature dependent , and at higher temperatures the refresh time will be

shorter due to higher leakage currents. Refresh is accomplished in the
TMS4O5O and 93481 by performing a refresh cycle , or a memory read cycle at
each row. Addressing a row will cause all cells in the row to be refreshed .

• Therefore , the TMS4O5O , which is organized as a 64 row x 64 column matrix ,
will require refreshing at 64 rows. The 93481 (32 row x 128 column matrix )
will require refreshing at 32 rows.

Refresh time measurements can be accomp lisiied by using either a block
refresh or a distributed refresh technique. The block refresh technique
consists of writing data in the entire memory, stopping all external clock
signals for a designated time (refresh period ) and reading the memory to
verify its correctness. Then the data complement is written into the memory ,

S and the procedure is repeated . The refresh time is then iterat ed until the
boundary between a pass and fail condition is noted . This time is the required
minimum refresh time for the memory under test. The main advantage of the
block refresh technique is that data is verified in the absence of noise with
external clock signals turned off. The main disadvantage of using this method

21
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is that memory power dissipation/chip temperature is changing as the clock
s ignals are turned “on” and “off”. The resulting temperature dependent varia-
tions in refresh time make the bl ock refresh techni que an unacceptable test
method [5].

The second method for measuring refresh time is the distributed refresh
technique. This technique consists of writing data into the memory and
continuously cycling the device. By sequentially reading the TMS4O5O memory

• by its columns , every row will be refreshed every 64th cycle. Similarly,

- ,- every row of the 93481 will be refreshed every 32nd cycle. The period is
- 

• 
varied such that the time between write and read cycles is equal to the
refresh time bei ng examined . For exampl e, the 1MS4050 contains 4096 memory
cells in a 64 x 64 cel l matrix. To determine memory functionality with a 2 mS
refresh time , the period or cycle time must equal the refresh time divided
by the difference between the number of cells and the number of rows. This
value was computed as 500 nS for the TMS4O5O. During the refresh tests, the
memory is written with a checkerboard pattern (an alternating fiel d of “is ”
and “Os”), and using the distributed refresh method the refresh time is
determined . After data is read out , the data complement is written into the
memory and the procedure is repeated. The checkerboard pattern was selected
for the refresh tests since it may show cel l disturb and data sensitivity
problems. A memory cel l stored with a “0” may be disturbed by adjacent “is ” ,
and vice versa.
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5.0 PRELIMINARY CHARACTERIZATION TEST RESULTS

Major objecti ves of the prel imi nary characterization tests wi th
two of each memory type were to determi ne the maximum and minimum operating
temperatures , worst case voltage conditions , and worst case patterns for
subsequent testing of eighteen devices.

5.1 OPERATING TEMPERATURE EXTREMES

- - The results of functional testing and shmoo pl otting at ambi ent tempera—
tures between -55°C and 125°C were used to determine the upper and l ower
temperature extremes for subsequent RAM characterization testing. However,
shmoo pl ots of access time , write pulse width and refresh time versus supply
voltage using all seven of the previously mentioned patterns provided the most
insight for determining operating temperature extremes. Refresh time require—
rnents for dynamic RAMs, and access t ime requirements for static RAMs were the
parameters responsible for limiting operating temperatures to less than the
ful l military temperature range. The following are brief discussions of the
specific test results that led to the selection of operating temperature
ext remes for each memory.

5.1.1 TMS4O5O NMOS Dynamic RAM - Refresh t ime requirements limited the
TMS4O5O operating temperature extremes to -55°C and 85°C. The maximum refresh

— time requirement specified by the manu facturer, and MIL—M—38510/235, is two
milliseconds for values between 11.4 Vdc and 12.6 Vdc. This requirement
was easily achieved at 25°C and -55°C , as were the specified requirements for
all other parameters . However , as can be seen from the 85°C and 100°C shmoo
pl ots of refresh time (tREF ) versus V00 shown in Figure 5-1 , the TMS4O5O
must be refreshed more frequently than every two milliseconds at 100°C with
V00 greater than 12 Vdc. Refresh time requirement s less than two milli-
seconds were not determined , since this was felt to be the l ower limit for
most system applications. Below 12 Vdc at 100°C , the refresh time requirement
changed abruptly from less than two milliseconds to approximately 50 mil l i—
seconds , and rema i ned at 50 milliseconds down to a VOD of less than 9 Vdc.
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At 85°C the refresh ’
~t-.tme requirement was approximately 100 millis econds wi th

VDD values between 8.5 Vdc and 13 Vdc. Thus, two effects were observed as
the TMS4O5O operating temperature was increased from 85°C to 100°C. The first
effect was the expected decrease i-~ refresh time requirement from 100 mIlli-
seconds at 85°C to 50 milliseconds at -100°C. The second , and most important ,
effect was the reduction in the VDD value (13 Vdc at 85°C to 12 Vdc at
100°C) where the me nory became nonfunctional with tREF values less than two
milliseconds. The second effect was the determining factor in limiting the
TMS4O5O upper test temperature to 85°C.

5.1.2 93481 I2L Dynamic RAM - As was the case with the TMS4O5O , refresh time
requirements limited the maximum temperature extremes for the 93481 12L
dynamic RAM . However , the temperature limitations were more severe than those
established for the TMS4O5O. The 93481 was limited to operating tempera-
ture extremes of 0°C and 70°C. Shmoo pl ots of tREF versus V 00 at 70°C and
85°C are shown in Figure 5-2. At 70°C , device operation is normal with
refresh times of four to five milliseconds for values of V00 between 3.8 and
7 Vdc. However , at 85°C the device is only functional (tREF > two milli-
seconds) between 6 and 6.5 Vdc. Thus , the upper temperature limit was estab—
lished as 70°C. A similar effect was noted at low temperatures , as can be
seen from the 0°C and —10°C shmoo plots in Figure 5-3. At —10°C the device is
not functional with values of V00 less than 4.9 Vdc , and is nonfunctional at
0°C with VDD values less than 4.7 Vdc. The manufacturer ’s l ower operating
limit for V00 is 4.75 Vclc. Thus , 0°C was selected as the 93481 lower
temperature limit. Subsequent discussions with the manufacturer revealed that
the part would not operate below 0°C due to the use of four series diodes in
the start—up timing circuitry . Below 0°C, the increased forward voltage of
these diodes inhibits device operation. The ma nufacturer also noted that
device operation above 70°C could be achieved , but at the expense of signi-
ficant yield losses.
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5.1.3 AM9140 NMOS Static RAM - Shmoo pl ots of chip enable access time versus
VOD at -55°C and 125°C (Figure 5—4) showed that the AM9140 is capable of
operating over the full military temperature range. A restriction on the

maximum value of V00 was noted at 125°C. However, this did not occur until

approximately 6.2 Vdc , and is well above the 5.5 Vdc maximum operating voltage

specified by the manufacturer and MIL—M-38510/237.

5.1.4 MWS55O1 and CDP1821 CMOS/SOS RAMS - Operating temperature extremes for

the MWS55O1 were limited to —55°C and 85°C due to excessive address access

time requirements (t~~ > 250 nS) at VDD values above 10.4 Vdc. This

effect can be seen in the 85°C and 100°C shrnoo pl ots shown in Figure 5-5 , and

was only noted with a Walking pattern . Thus , the MWS55O1 has an -obviou s

pattern sensitivity at the upper temperature and voltage conditions. However ,

the ma nufacturer stated that he had not observed any sensitivity of the

MWS55O1 to a Walking pattern. The microprocessor version of this part

(CDP1821) is suppl i ed as either a ten volt part or a five volt pa rt. Samples

of the ten volt part provided by the manufacturer did not show any pattern

sensitivity or abrupt change in t~~ at values of V OD up to 11.0 Vdc and

temperatures of 125°C. Shmoo plots for the C0P1821 at ambient temperatures of

85°C and 125°C are shown in Figure 5—6. The five volt part is simply a ten

volt part that does~ not operate at 10 Vdc. As shown in the Figure 5—7 shmoo
plot , the five volt part displ ays the same characteri stics as the MWS55O1 .

However , i n thi s case , performa nce of the five volt CDP1821 is severly

degrade d at V00 values above 8 Vdc , and the degradati on i s observe d w i th all
patterns.

5.1.5 CCD45O Dynam ic Shift Register — Since the CCD45O had become obsolete

during this characterization program , test i ng was only performed at the
manuf acturer ’s specified temperature extremes (0°C and +55°C). With two

exceptions , the CCD4 5Os appeare d to meet the manu facturer ’s specifications

over the 0°C to +55°C temperature range. A 50 nS to 60 nS rise time is

mandatory for the phase 2 clock pulse. The manufacturer ’ s catalog indicated

the r i se ti me coul d be as lon g as 200 nS , bu t he has subsequen tly con fi rme d
the requirement for a 50 nS rise time . One of the device s tested was also

sensitive to the Altwor pattern , as illustrated in Figure 5—8.
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TABLE 6-13. F A I R C H I L D  93481 EL ECTR ICA L CH A RA CTERI ZA TI ON - THRESHOLD TESTS

- M ANUFACT URER ’ S 1 25° C 1 = 70° C T 0° C UNITS
- - PARAMETER TE ST LIMITS A A A

- 
MIN MAX MEA N SICMA ME AN si~;o~ MEAN SI GMA

- V
T1!1 — — 1.879 0.046 1.671 0.035 2.100 0.10R 

~~~~~

- 
~~~ — — 1.146 0.113 1.018 O O6O 1.299 0.041 Vdc

V~~, = 4.75 Vdc
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TABLE 6 - 14 . FAIRCHI LD 93481 ELECTRICAL CHARACTERIZAT ION - R EFRESH TESTS

MANUFACTURE R S
PARAMETEP. TEST LIMI TS T

A 
— 25 ° C T

A 
= 70 C TA 

= 0 C UNITS

MIN M~j( MEAN SiGMA MEAl’! SIGMA ~~~~ sicu~

LREF - 2 147.120 143.715 43 .617 81.274 271.213 151.089 mS

V
CC 

4.75v

1
REF — 2 187 . 173 139.990 46 .510 89.908 340 .336 94.926 mS

V~~ 5 .25v
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6.3 AM9140 TEST RESULTS

6.3.1 DC Parameters — The AM914O dc parameter test results are shown in Table
6—15. All of the measured parameter values are well within the limits con-
tained in MIL—M—38510/237, and the limits for 1cc could be tightened .
Electrical tests of a 120 piece lot of AM914Os for another RADC program
(ContrGct No. F30602-78-C-0014) confirmed that the maximum values specified
for ICC i..Oui~~ be reduced wi th no increase in yiel d loss.

6.3.2 Functional Tests — The results of tA and t~ measureme nts performed
while running functional tests with seven patterns are shown in Table 6—16.
Exami nation of the mean values of access time obtained with each pattern shows
no important pattern rel ated variations for five of the seven patterns.
However, the mean values of tA obtained while running the Galwrt and Shift—
ing Diagonal patterns are respectively 5% and 15% l ower than the mean values
of tA obtained with the other five patterns. Without specific knowl edge of
where the access time vari ations are occurri ng on the chip, it is difficult to
speculate why the Galwrt and Shifting Diagonal patterns yiel d l ower access
times tha n the other patterns.

Two of the AM9140 memori es were nonfunctional at -55°C and 125°C , an d as
shown in Table 6-17 , neither of the failures was detected with the Shifting
Diagona l pattern. All failures were detected by the Galpat , Galwrt , Walking
and March patterns.

6.3.3 Timing Parameters - A summa ry of the AM9140 timi ng parameter measure-
ments is provided in Table 6—18. All of the timing parameter distributi ons
are wel l within the MIL—M—38510/237 l imits , and the limits for output off
del ay (tcF) and data setup time (tDs) could be more stringent i f  desired .
Three timi ng parameter failures were noted at 125°C, and as shown in Table

6-19, all were detected by all patterns except the Shifting Diagonal .

6.3.4 Threshold Tests - Results of the threshold voltage tests are summarized
in Table 6—20 , and are discussed in paragraph 9.2.
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TABLE 6-19. ADVANCED MICRO DEVICES AM9140 DYNAMIC TI MING EFFECTIVEN ESS

PERCENT FAILURE DETECTED
FAILURE BY PARAMETER AND PATTERN

• CRITERIA T 0 125°C
nS A

P ARA IIE TER W R M A SD

READ/WRITE

tCF >200 67 67 67 67

tDM ~320 33 33 33 33

tDH <200 67 67 67 67 67

READ/MOD I FYf WRITE

tA >330 67 6 - 7  33 33

PEpCE’~T OF FAILED
DEVICES U E T E C T E O  ~OO 100 100 100 67
BY PATT E RN

N~JMl FR OF FAIL ED 1 3
DFV’~~~S AT

NOT ES:

I .  w ’
— WA (K ~ NO

R — Rf ~: PAT
—

A —

SD — SHI FT IN G DIP¼G (~NAL

2. ~~ FAILURF S AT T A = 75 °C and = —55 °C

3. WORST CAS E SUPPLY VOLTA GE : V CC = 4 . 5V
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TABLE 6-20. ADVANCED MICRO DEVICES AM9 140 ELECTRICAL CHARACTERIZATION - THRESHOLD
TESTS

— - MIL—M— 38510/235 
—

PARAMETER TEST LIMITS T
A 

— 2 5 C  T
A 

85°C T
A 

= —SS C UNITS
- MIN MAX MEAN SIGMA MEAN SIGMA ME AN SIGMA 

________

- VTH1 — — 1.587 0.074 1.527 0.067 1.674 0.076 Vdc

- V THO 
—

— 

— 1.472 0.080 1.381 0.071 1 .510 0.104 Vdc

~~ ‘~~‘
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6.4 M~JS55O1 TEST RESULTS •

6.4.1 DC Parameters - Results of MWS55O1 dc parameter tests are shown in
Table 6—21. With the exception of the ‘0DM and ‘DOL parame ters , the
distribution of parameter values were well within the manufacturer ’s specified
limits. The distribution of ‘DDH and ‘DOL values below one mi lliamp were
also within the manufacturer ’s limits < 5OO~~A and 1DDL I 2OO~~A),
but approx imately 30% of the parts displayed 

~~ 
values greater than one

mil l iam p at 85°C.

6.4.2 Functional Tests — Selected results of tRA and t~ measurement s
performed while running functional tests wi th seven patterns are shown in
Table 6—22. With the exception of the tRA values obtained at 85°C while
running the Walking pattern at 9.5 Vdc and 10.5 Vdc , there are no pattern—
related vari ations in the 10 volt results. The values of tRA obtained at 10
Vdc with the Walking pattern are slightly higher than the values obtained with
the other six patterns for the reasons previously discussed .

The 5 Vdc results show a wide vari ation (20 nS) in the mean values of
tRA at 55°C. The maximum mean tRA value of 152 nS was obtained wi th the

• Gal pat pattern , and the minimum tRA value of 132 nS was obtained with the
Shifting Diagonal pattern.

A total of nine parts were also nonfunctional at 85°C with VDD = 10.5
Vdc , and as shown in Table 6—23 , were only detected with the Walking pattern.
At -55°C , there were two nonfun ctiona l devices wi th V00 = 4.75 Vdc. Both of
these failures were detected with a Marc h pattern. One of the failures was
also detected with the Addcomp pattern.

6.4.3 Timing Parameters - A summary of the timing parameter measurements is
provided in Table 6-24. These measurement s were perforlned at the l ower

• voltage conditions (9.5 Vdc and 4.]5 Vdc) where the access time parameter is

68
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TABLE 6-22. RC~ MWS55O1 ELECTRICAL CHARACTERIZAT ION - FUNCTIONAL TESTS

MANUFACTURER ’ S TA 25°C TA = 85°C 
— 

TA — -55°C
PARAMETER TEST LIMITS 

________ 
UNITS

MIN MAX MEAN SIGMA MEAN SIGMA MEAN SIGMA

READ/WRITE
t RA’ 10.5V 125

GALPAT 75.304 6.382 83.923 5.851 68.190 6.284 nS
GALWRT 73.130 5.294 81.615 5.122 63.333 4.714
WALKING 74.870 6.879 88.615 7.354 67.095 6.338
ROWPAT 75.348 6.491 83.769 5.925 67.571 6.344
MARCH 73.565 6.592 83.077 6.403 67.619 6.758
A0DCOMP 74.304 6.912 82.846 6.395 66.238 6.450
SHIFTING 125 73.739 6.828 82.846 6.323 67.000 6.466 nS
DIAGO NA L

t RA ’ 9 .5V 125

GALPAT 81.130 6.956 89.769 6.303 73.048 6,168 nS
GALWRT 76.652 5.631 85.538 5.473 66.000 5.004
WALKING 80.435 7.442 94.154 6.983 70.905 6.428

ROWPAT 80.652 6.806 89.154 6.274 72.571 6.366
MARCH 78.870 6.930 88 .231 6.436 71 .000 6.740
ADDCOMP 79.087 7.223 88.154 6.526 70.857 6.678
SH IFC - ING 125 78.739 7.098 87.923 6.244 71.476 6.478 nS
DIAGONAL

tRA p 4.75V 250

GALPAT 154.478 16.030 167.769 14.733 152,333 19.308 nS
GALWRT 154.130 16.200 168.692 15.158 135.048 12.117
WALKING 151.478 15.434 158.692 14.922 137.048 12.702
ROWPAT 154 .435 15.767 67.84 6 14.~O7 144.238 16.177
MARCH ‘48.174 15.148 i64 ,154 14.612 131.333 11.232
ADDCOMP 448.348 15.092 163.385 13.904 135.143 12.957
SHIFTING 250 134.652 13.761 143.692 12.220 132.333 13.003 nS
DIAGONAL

t~~, 1O.5V 45

,ALPAT 42.957 5.637 49.385 5.610 38.905 4.849 nS
GALWRT 43.522 5.412 46.077 5.106 39.952 4.786
WALKING 4L,.609 6.232 50.692 6.330 38.952 4.806
~OWPA T 42.826 5.4 59 45.462 5.154 38.810 4 .81 7
MARC H 42.130 5.335 45.231 4.870 39.0~~ 4.946
nOCOMP 41.870 5.472 45.385 5.241 38.667 4.754

• ‘ ‘
~~~r , 45 42.957 5.520 45.615 5.001 39.429 4.797 nS
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typically the largest. However, in light of the pattern sensit ivity problem s
noted at the high voltage condition , test specifications ‘for these parts should
include measurement s at both the high and low voltage conditions using a
Walking pattern. Exami nation of the mean and standard deviation of the timi ng

• parameter values shows that the distributions are within the manufacturer’s
specificat i ons, although three failures were detected (two at 85°C and one at
-55°C). As shown in Table 6—25 , the 85°C failures were detected by only the
Walking pattern , and the single -55°C failure was only detected by the March
pattern. These results are in agreement with the functional test results.

6.4.4 Threshol d Tests - Results of the threshold voltage tests are summarized
— -

~ in Table 6—26 , and are discussed in paragraph 9.2.
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TABLE 6-25. RCA MWS55O1 DYNAMIC TIMING EFFECTIVENESS

PERCENT FAILURE DETEC1E D BY PARAMETER AND PATTERN
- • I FAILURE ~~~

‘ “ 5 - ’ — ‘ ‘
~~~~~~~~~

‘“-“
~~~ 

—

CRITE RIA A 85 C TA —55 C
PARAMETER nS GP G W W R M A S D  G(’ G W W R M A S D

VDD — 9.5V

READ,’W R ITE

tDS <200 100

• 
tDH <170 100

READ/MODIFY/WRITE

tRA >260 100

t
~ 

<250 100

tDS <170 100

tDH <100 100
• 

V00 = 4.75V

READ/WRITE

t0s <200 100

tDH <170 - 
100

READ/MODIFY/WRITE

tRA >260 100

t~ <250 100

t
0~ <170 100

tDH <100 100

NUMBER OF F A I L E D
DEVICES AT TA 

2 1

NOTES:

1. GP — GALPAT
GW - GALWRT
W - W A L K I N G
R — R O WPAT
M - MARC H
A - ADDC°MP

SD - SHIFTING DIAGONAL

2. NO FAILURES AT T~ 
- 25’C
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TABLE 6-26 . RCA ~1WS55O l ELECTRICAL CHARACTERIZATION - THRESHOLD TESTS

MA NUFA C TU~ ER 1 S
?ARAM1~TER TEST LIMiTS T

A 
— 25° C TA 

— 85° C TA 
— —ss°c UNITS

_______________ 
MI N MAX ME AN SIGMA ME AN SIGMA ME AN SIGMA 

__________

V THP — — 5.3 18 0.232  5 . 4 15  0 ,2 13  5 .422  0,282 Vdc

V 01) 
= 9 .5v

V ’),HN — — 2.686 0.179 2.550 0.132 2.823 0.138 Vdc

V~~ 
= 9.5v

- - 2.682 0.085 2 ,63 1  0.07 1 2.673 0.081 Vd c

V
i JIN

V
00 

= 4 ,75v — — 1.266 0.395 1.251 0,282 1.655 0,154 Vdc
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6.5 C0P1821 TEST RESULTS

The CDP1821 is the microprocessor family designation for the MWS55O1
memory , and is essentially the same chip. The CDP1821 is rated by the manu-
facturer as a 125°C part, but the 85°C limits for virtually all parameters
have been rel axed to allow specificati on at 125°C. Comparison of the MWS55O1
specification (85°C) with the CDP1821 specification (125°C) reveals that : a)

‘I H has been increased from 1 ~A to 1O j~A , b) ‘DDH has been increased from
5OO~~A to 1500 ~.tA , and c) tRA has been increased from 125 nS to 350 nS.

The dc parameter , functional , and timing parameter test results shown in
Tables 6—27 through 6—31 are similar to those obtained with the MWS55O1.
Generally, the ma nufacturer ’s specification changes to permit 125°C operation
appear warranted , but the magnitude of the changes may be excessive. MIL—M-

-
• 38510 specification limits could probably be tighter than the manufacturer ’s

catalog limits.

The extreme pattern sensitivity noted with the MWS5SO1 at high tempera-’
ture and high voltage was not observed with the C0P1821. However, based on
the two CDP1821 failures observed , it still appears that the Walking pattern
is the most effective pattern for these parts.
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TABLE 6-28. RCA C0P1821 ELECTRICAL CHARACTERIZATION - FUNCTIONAL TESTS

— 

MANUFACTURER’S TA 25°C T — 85°C . T — 125°C
- ‘ 

V 
PARAMETER TEST LIMITS A A UNITS

__________ 
MIN MAX MEAN SIGMA MEAN SIGMA MEAN SIGMA 

_______

READ/WRITE

~ 
t~~~, 1O.SV 350

GALPAT 61.000 3.521 69.200 3.487 76.600 3.555 nS
GALWRT 56.400 3.441 64.200 3.919 71.000 4.243
WALKING 59.800 3.125 70.400 2.653 83.400 4.842
ROWPAT 61.000 3.397 69.200 3.487 76.600 4.030
MARCH 59.000 3.347 66.600 2.938 77.200 5.193
ADDCOMP 60.000 3.950 68.200 3.599 76.000 3.950
SHIFTING 350 59.800 3.869 68.200 3.486 76.600 3.136 iS

- - • 
DIAGO NA L

~~~ 9.5V 350

GALPAT 66.400 5.004 75.000 5.177 83.000 5.477 nS
GALWRT 61.000 4.690 68.600 4.800 75.000 4.690
WALKING 65.000 4.604 76.600 4.758 90.800 5.308
R0WPA T 66.200 4.834 74.000 5.344 81.800 5.231
MARCH 63.000 4 .100 72.200 4.215 85.400 6.312
ADDCOMP 62.800 4 .579 71 .000 3.950 79.000 3.94 9

— SHIFTING 350 65.400 5.004 73.000 4.858 81.400 4.799 nS
DIAGONAL

tM) 4 .75V 560

GALPAT 156.800 24.473 158.400 18.779 175.200 20.123 nS
GALWRT 141.000 12.932 152.800 12.319 161.000 10.295
WALKING 146.600 18.250 169.600 16.836 209.600 21.464
ROWPAT 153.800 22.850 158.200 18.925 172.400 19.946
MARCH 137.600 14.208 150.800 14.810 168.000 18.176
ADDCOMP 142.000 15.925 152.400 14.178 177.800 15 .767
SHIFTING 560 139.000 17.574 147.000 13.070 173.400 15.653 nS
DIAGONAL

t~, 10.5V 140

GALPAT 36.000 0.633 38.800 1.166 43.800 1.166 nS
GAI.WRT 36.200 0.748 39.000 1.265 41.800 1.166
WALKING 36.000 0.633 38.800 1.166 42.200 0.746
ROWPAT 35.800 0.748 38.600 1.019 44.400 1.200
MARCH 36.200 0.979 38.800 1.166 41.400 0.801
ADOCOMP 35.800 0.748 38.800 1.327 43.400 0.799
SHIFTING 140 36.400 0.801 39.600 1.356 42.000 1.265
DI AGO NA L 

_____ ______ _______ ________ ________ ________ ________ _________ ______
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TABLE 6-29. RCA CDP1821 PATTERN EFFECTIVENESS

FAILURE PERCENT FAILURE DETECTED BY PATTERN
CRITERIA T = 25°C

PARAMETER GP GW W R N A SD

READ/WR ITE

t AA VI~ = 5.25V >260 100

t AA VDD = 4 .7 5V >260 100 100

NUMBER OF DEVICE -

FAILURES AT TA

NOTES:

1. GP - GA L PA T
GW - GA LW RT
W - WALKING
R — RU WPAT
M - MARCH
A - IIDDC OM P
SD - S H I F T I N G  DIAGONAL

2 NO FAILURES AT TA = 85°C AND TA = 125 C
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TABLE 6-31. RCA CDP1821 DYNAMIC TIMING EFFECTIVENESS

PERCENT FAILUR E DETECTEDFAILURE BY PARAMETER AND PATTERN
CRITERIA _______________________________

nS TA 25° C
PARAMETER GP W R M

V DD 5 .25V

READ /MODIFY/WRITE

t >250 100

1 -i tDS 100

tDH 
< 50 100

READ/MODIFY/WRITE

VDD ° 4 .7 5V

tM 
>250 100 100

tDS < 50 100 100

tDH 
< 50 100 100

NUMBER OF FAILED 
1D E V I C E S  AT 14 *

NOTES:

1. GP - GALPAT
W - WALKING
R - RO WPA T
M - M A R C H

2. NO F A I L U R E S  AT TA 85°C and TA = 125°C
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6.6 CC0450 TEST RESULTS

The results of the limited testing (two devices) performed with the
- I CCD45O dynamic shift regi ster a-re summarized in Tables 6—32 through 6—34. In

addition to the previously noted requirement for a 50 nS phase 2 clock rise

• time and possible sensitivity to the Aitwor pattern , the CCD45O test results
- suggested that the parts do not meet the manufacturer 1 s specification for

~~ and t5~0. 
Si nce the CCD45O is no longer being manufactured , no

further tests were perform ed.
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